Abstract
Introduction

26
Lyme Borreliosis is an infectious disease caused by spirochete bacteria of the genus Borrelia 27 (Burgdorfer et al., 1982) . Borrelia burgdorferi sensu stricto genospecies which includes several 
48
The various EPS components of the Borrelia burgdorferi sensu stricto biofilm are sulfated mucins, 49 non-sulfated mucins including alginate, extracellular DNA and calcium (Sapi et al., 2012) . In the 50 present study, we analyzed potential biofilm formation by Borrelia sensu lato species Borrelia afzelii 51 and Borrelia garinii in vitro. 52 We observed that both Borrelia afzelii and Borrelia garinii are capable of biofilm formation when 
2.
Materials and methods
58
Bacterial strains and culture conditions 59 Low passage isolates of Borrelia burgdorferi B31 (ATCC #35210, Burgdorfer et al., 1982) , Borrelia 60 afzelii BO23 (ATCC #51992, Xu et al., 1995) Extracellular DNA was stained with 1 mM DDAO [7-hydroxy-9H-(1, 3-dichloro-9, 9 dimethylacridin-144 2-one)] for 30 min at 37° C in dark. DDAO-treated slides were then washed two times using TE 145 buffer, counterstained with DAPI and mounted using Permaflour.
146
Image acquisition and processing
147
Images from histochemical staining experiments were acquired on a Leica DM2500 microscope with 148 a DFC500 camera. For fluorescent staining merged micrographs, raw images were sharpened to 149 remove lens blur using Photoshop CS6 (Adobe) and images from different channels were stacked 150 using ImageJ (NIH) and are displayed as maximum intensity z-projections. 
Results
152
Borrelia burgdorferi, Borrelia afzelii and Borrelia garinii form biofilms in vitro 153 We hypothesized that Borrelia afzelii and Borrelia garinii form biofilms when grown at a high cell Figure 1G ). Crystal violet assay showed that the biomass between the three Borrelia 171 species did not differ significantly (n=3, p≥0.05) ( Figure 1H ).
172
Ultra structural features of the Borrelia biofilms
173
We and others have previously used atomic force microscopy (AFM) to study the internal possibly by sulfomucins and proteoglycans (fuchsia/ purple staining) ( Figure 3A-B) . Borrelia afzelii
202
( Figure 3C-D) and Borrelia garinii ( Figure 3E-F polysaccharides whereas MOA is a mushroom lectin which binds galactosyl residues on the ends of 229 glycan chains (Ma et al., 2007; Hall-Stoodley et al., 2008) . however there are no differences in staining patterns among the three species (Figure 7 A-F).
251
Discussion
252
In this paper, we provide evidence that Borrelia afzelii and Borrelia garinii of the Borrelia sensu lato histochemical staining techniques, we identify similarities and differences in the biofilms formed by 257 the three species.
258
Quantitative experiments showed that Borrelia burgdorferi and Borrelia afzelii grow at a similar 259 rate, whereas the growth of Borrelia garinii is significantly slower. Despite the differences in growth 260 rates, the total biofilm biomass of the three species did not differ. Interestingly all three species 261 differ in their total carbohydrate content which suggest that they might produce different amounts 262 of extracellular polysaccharides.
263
Previously, we used atomic force microscopy (AFM) to characterize various stages in biofilm 264 formation by Borrelia burgdorferi sensu stricto (Sapi et al., 2012 spinal fluid, and transformation to mobile spirochetes by incubation in BSK-H medium.
333
Figure legends 
